INTRODUCTION
It is notable that Alpine-type ultra mafic rocks in a certain metamorphic zone are characterized by a single type of perido tite (Research Group of Peridotite Intrusion, 1967; Kuroda and Tazaki, 1969) .
Harzburgite, which is more common than wehrlite and lherzolite in orogenic belts, characterizes ultramafic rocks in Kamuiko tan, Joetsu, and Sangun metamorphic zones (Research Group of Peridotite Intrusion, 1967; Hayama et al., 1969) . In general, ultramafic rocks of dunite-harzburgite series contain small amounts of clinopyroxene (Challis, 1965; Himmelberg and Coleman, 1968; Hirano, 1969; Loney et al., 1971; Medaris, 1972; England and Davies, 1973; Himmelberg and Coleman, 1973) . However, absence of clinopyroxene is characteristic of harzburgite in Kamuikotan, Joetsu, and Sangun zones (Research Group of Perido tite Intrusion, 1967; Hayama et al., 1969) .
Recently, Arai (1973a, b) investigated detailed mineral chemistry of the Tari Misaka ultramafic complex at the central part of the Chugoku district, and found the extremely Ca-depleted character of orthopy roxene in clinopyroxene-free harzburgite. Further, clinopyroxene-bearing harzburgite with "ordinarily calciferous" orthopyroxene was also found in the same complex (Arai, 1973a) . In Sangun zone and adjacent areas clinopyroxene-bearing dunite and per idotites are also reported from other local ities (Hirano, 1969; Igi and Abe, 1969; Kurokawa, 1970) .
The genetical interrelation between (Manuscript received, June 3, 1974) clinopyroxene-free and clinopyroxene-bear ing harzburgites will be discussed on the basis of mode of occurrence and chemical characteristics of "non-calciferous" ortho pyroxene.
It may be also shown that genetical interpretation of "non-calciferous" orthopyroxene in Sangun zone and adjacent areas can be directly applied to the petro genesis of clinopyroxene-free harzburgite in Joetsu metamorphic belt (Hayama et al., 1969) , central Japan.
PETROGRAPHY OF THE TARI-MIS
AKA ULTRAMAFIC COMPLEX Arai (1973a, b) investigated a strongly serpentinized Alpine-type ultramafic compl ex at the Tari-Misaka area in the Chugoku district, western Japan (Fig. 1) . The Tari Misaka complex is emplaced into the Paleo zoic sediments and is intruded by later granitic masses.
Peridotitic rocks in Tari-Misaka com plex can be classified into four types accord ing to mineral assemblages as shown in bearing dunite), and Type II (cpx-free harz burgite, and cpx-free and opx-bearing dun ite) show approximately concentric zona tion from the core to the margin (Fig. 2) . (Arai, 1973b, Fig. 2 Mg-rich and Fe-rich ones (Arai, 1973b 
MINERALOGY OF "NON-CALCIFER OUS" ORTHOPYROXENE
Minerals were analyzed with the JEOL electron probe microanalyzer Model JXA-5. The correction procedures are as described by Nakamura and Kushiro (1970) .
Orthopyroxenes in Type II and Type III are plotted in Fig. 3 and selected analy ses are listed in Table 2 in Alpine-type dunite-harzburgite. 1, Type II of Tari-Misaka complex; 2, Type III of Tari-Misaka complex; 3, Kawaba, Gunma prefecture; 4, Ohshima, Fukui prefecture (Arai, unpublished data); 5, California, U. S. A. (Himmelberg and Coleman, 1968; Loney et al., 1971) ; 6, New Zealand (Challis, 1965) ; 7, Oregon, U. S. A. (Medaris, 1972; Loney and Himmelberg, 1973) ; 8, Papua (England and Davies, 1973 (Fig. 4) . Orthopyroxene in Type II clearly differs from that in Type III in Cr2O3-Al2O3 relation (Fig. 4) . The latter is relatively enriched in Al2O3 and, especial ly, in Cr2O3. On the other hand, the form er is usually depleted in A12O3 and, especial ly, in Cr2O3.
It is also notable that orthopyroxene in Type II is sometimes heterogeneous in Al2 O3 and Cr2O3 contents (Fig. 5) . Enrichment or depletion in Cr and Al of orthopyroxene in Type II is strongly controlled by the distance from neighbouring chromian spinel which is more or less altered (Fig. 5) . In other words, the nearer to the altered chro mian spinel, the more enriched in Al and Cr is orthopyroxene. In a single grain of ortho pyroxene which is in contact with altered chromian spinel, Al and Cr are strongly condensed near the boundary between the two minerals ( Fig. 5; Table 2 , No. 5). Orthopyroxene in Type II is usually ex tremely depleted in Al and Cr, if it is sufficiently distant from altered chromian spinel ( Fig. 5 ; Tari-Misaka complex (Fig. 2) can be well elucidated by experimental results on MgO -SiOaH2O system (Bowen and Tuttle, 1949; Greenwood, 1963) . Zonation from the core to the margin is result of progressive ther mal metamorphism of completely or strong ly serpentinized peridotite by granitic mass es. The peridotite of Type III at the core has avoided thermal metamorphism and thus, may be equal or nearly identical to the original state of Types I, I', and II. Fe rich olivine in Type I is identical to olivine in Type III and was interpreted to be relics of initial strongly serpentinized peridotite before thermal metamorphism (Arai, 1973 b) . On the other hand, Mg-rich one in Type I may be dehydration product from serpentine (Arai, 1973b) . Chemical composition of orthopyroxene in Type II of Tari-Misaka complex resulted from chemical characters of source materials such as serpentine, olivine, talc, and antho phyllite.
"Non-calciferous" character of orthopyroxene may be due to low CaO contents in these minerals. They usually contain less than 0.05 wt% of CaO (Arai, unpublished) .
Calcium may have been fixed as tremol ite, before the commencement of dehydra tion of serpentine, according to the reac tion 5 serpentine+2 diopside+temolite+6 olivine+9 HO (Evans and Trommsdorf, 1970) . This reaction is likely to occur during thermal metamorphism of strongly serpen tinized peridotitic rocks because of the com monness of the mineral assemblage serpen tine+diopside in them. Tremolite may be stable even around the temperature of for mation of orthopyroxene from anthophyllite +olivine (Greenwood, 1963) or from talc+ olivine (Bowen and Tuttle, 1949) . In other words, calcium had been excluded from the reaction system which progressively produc ed talc, olivine, and anthophyllite, and "non -calciferous" orthopyroxene was consequent ly formed.
General depletion in Al and Cr of "non -calciferous" orthopyroxene (Fig . 4) may also have resulted from chemical composi tions of serpentine, olivine, talc, and antho phyllite. A12O3 contents of serpentine, talc, and anthophyllite are, in average, 0.3%, 0.4%, and 0.9%, respectively. Cr2O3 con tents of serpentine, talc, and anthophyllite arc, in average, 0.0%, 0.1%, and 0.1%, respectively. Olivine is always depleted in these elements.
In summary, chemical characteristics of "non-calciferous" orthopyroxene can be fairly well interpreted, provided that ther mal metamorphism of completely or strong ly serpentinized peridotites occurred.
GENESIS OF CLINOPYROXENE-FREE DUNITE-HARZBURGITE COMPLEXES IN SANGUN AND JOETSU ZONES
(1) Sangun zone and adjacent areas. Clinopyroxene-free dunite or harzburgite is widely distributed in Sangun zone (Research Group of Peridotite Intrusion, 1967) . It is to be noted that clinopyroxene-free harz burgite is almost always accompanied with younger granitic masses. Association of ultramafic complex with later granitic mass es is prominent especially in the central part of the Chugoku district (Fig. 1) and in northern Kyushu (Fukuoka prefecture, 1953; Saga prefecture, 1954) .
Genetical interpretation of clinopyro xene-free harzburgite (i.e. Type II) in Tari -Misaka complex may be directly applied to that from some other localities in Sangun zone and adjacent areas because of similar ity of the geological environment and the petrography of harzburgite. For example, petrography of Komori ultramafic mass, Kyoto prefecture, is briefly reviewed. Komori ultramafic complex is mainly composed of clinopyroxene-bearing dunite, wehrlite, clinopyroxenite, and gabbroic rocks (Kurokawa, 1970) . Kurokawa (1970) re ported small amounts of harzburgite, of which occurrence seems to be limited to the northern margin of the mass, namely near so-called Miyazu granite. Harzburgite in Komori ultramafic mass may be interpreted to be dehydration product of strongly ser pentinized dunite or wehrlite by younger Miyazu granite.
(2) Joetsu zone. Dunite-harzburgite complexes accompanied with younger gran itic masses also occur in Joetsu metamor phic belt (Hayama et al., 1969) , central Japan (Fig. 6 ). Clinopyroxene has not been Fig. 6 . Distribution of ultramafic complexes and granitic rocks in Joetsu region, central Japan (after Hayama et al., 1969) "Non -calciferous" orthopyroxene and its bearing on the petrogenesis of ultramafic rocks 351
found in dunite and harzburgite (Hayama et al., 1969) . For example, ultramafic rocks in Kawa ba area (Fig. 6) , Gunma prefecture, are petrographically examined. Ultramafic rocks are intimately associated with mafic metavolcanics and psammitic or pelitic rocks. They were transformed into com pact hornfels by later granitic mass, and sometimes possess weak schistosity. Ultra mafic rocks are composed of dunite and harzburgite.
They also contain altered chromian spinel, tremolite, and abundant magnetite grains. They are free from clino pyroxene. Dunite and harzburgite are simi lar to Type I and Type II at Tari-Misaka complex, respectively, in petrography. Zon al distribution of dunite and harzburgite as observed in Taxi-Misaka complex is not clear at Kawaba area.
Orthopyroxene in harzburgite was chemically analyzed with microprobe (Table  2) , and is plotted in two diagrams ( Fig. 3;  Fig. 4) . It is almost identical in chemical composition with that in Type II of Tari Misaka complex, though a little more calci ferous than the latter. Genesis of Type I and Type II of Tari-Misaka complex (Arai, 1973a, b) can be almost directly applied to that of ultramafic rocks in Joetsu zone, judging from the identity of the geological environment (i.e. later intrusion of granitic rocks) and the petrography of ultramafic rocks in both regions.
In short, mineral assemblages of ultra mafic rocks in Joetsu zone largely resulted from dehydration-recrystallization of strong ly serpentinized ultramafic rocks by younger granitic masses.
PRIMARY PERIDOTITES OF PRE DEHYDRATION STAGE
(1) Sangun zone and adjacent areas.
Clinopyroxene-free dunite-harzburgite com plex characterizing Sangun zone is inter preted to have been transformed from ser pentinized clinopyroxene-bearing peridotites by thermal metamorphism as mentioned above.
Primary peridotites in Sangun zone and adjacent areas are represented by some clinopyroxene-bearing ones exposed in the same region, such as those from Ohshima (Hirano, 1969) , Komori (Kurokawa, 1970) , and Ochiai-Hokubo (Katsuyama district, Igi and Abe, 1969; Arai, unpubished; Fig. 1) (Table 3) . They have almost avoided (2) Joetsu zone. Ultramafic rocks usually contain considerably large amounts of magnetite and tremolite. This mineral assemblage indicates relatively Fe-rich wehr litic composition of original rock at the pre dehydration stage.
At Kawaba area (Fig. 6) , tremolite-rich layer with thickness of a few centimeters can be sometimes observed. It comprises prismatic tremolite and anhedral olivine enclosing opaque inclusion, and is only very slightly serpentinized. It is probable that it was originally clinopyroxene-rich layer . This indicates that clinopyroxene was one of cumulate phases from the magma from which primary ultramafic rocks had been formed. This clinopyroxene-rich layer is frequently observed in wehrlitic dunite or wehrlite in some ultramafic masses, such as Ochiai-Hokubo mass, Okayama prefecture, western Japan (Arai, unpublished) (Fig. 1) . Ultramafic complexes in Joetzu zone may have been primarily predominated by rela tively Fe-rich wehrlitic peridotites with clinopyroxenite layers.
SUMMARY AND CONCLUSION
Extremely Ca-depleted orthopyroxene occurs in some Alpine-type ultramafic com plexes. It is usually accompanied with magnesian olivine (sometimes Fo 95 or so) and tremolitic amphibole. Serpentine and talc are usually abundant with them.
Characteristics of "non-calciferous" or thopyroxene are as follows:
a. Radial aggregate. Prismatic dis crete grain is also sometimes observed.
b. Abundance of inclusions, such as olivine, magnetite, sulfides, and altered chromian spinel.
c. Absence of exsolution lamellae of Ca-rich pyroxene. d. Extremely low content of CaO. e. Low contents of Al and Cr. Enrich ment of Al and Cr is observed only when "non -calciferous" orthopyroxene is in con tact with altered chromian spinel.
f. Wide spread of Mg/Mg+Fe atomic ratio (Fig. 3) of orthopyroxene in one ultra mafic complex.
Dunte-harzburgite complexes with "non -calciferous" orthopyroxene are distributed in metamorphic zones which were invaded by younger intrusions of granitic masses.
Sangun zone, western Japan, and Joetsu zone, central Japan, are representative of them.
Mineralogy and petrography of perido tites with "non-calciferous" orthopyroxene can be elucidated by thermal metamorphism of strongly serpentinized peridotites by granitic masses. For example, the petro graphical zonation observed in Tari-Misaka ultramafic complex, western Japan, is fairly consistent with experimental results on MgO -SiO2 H2O system (Bowen and Tuttle , 1949; Greenwood, 1963) , and can be explained provided that strongly serpentinized wehr litic or lherzolitic peridotite was thermally metamorphosed by granitic masses.
